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EMSO is the European Research Infrastructure of 
fixed  seafloor  and  water  column  observatories constituting  a 
distributed  infrastructure  for  long‐term  monitoring  of  marine 
environmental processes
EMSO ESFRI Research Infrastructure 
Ruhl et al., 2011 
Challenging RI for: 
Global ocean warming  and
acidification
Impact and sustainability of 
marine resource exploitation
Real‐time observations of
earthquakes and tsunamis
Key Scientific Research Objectives
EMSO provides power, communications, sensors, and data infrastructure for 
continuous, high resolution, (near) real‐time, interactive ocean observations
EMSO concerns a truly multi‐and inter‐disciplinary range of research areas including
biology, geology, chemistry, physics, engineering, and computer science,
from polar to tropical environments, down to the abyss
The synchronised data generated in EMSO allow to pose multivariate questions 
over  different  space  and  time  scales,  overcoming  the  traditional approach  of 
focusing on single data streams
Key Scientific Research Objectives
Geosciences
• Seismicity
• Gas hydrate stability 
• Seabed fluid flow 
• Submarine landslides
• Submarine volcanism 
• Geo‐hazard early warning
Biogeochemistry
• Ocean acidification & Solubility pump
• Biological pump 
• Hypoxia
• Continental shelf pump
• Deep‐ocean biogeochemical fluxes
Marine Ecology
• Climate forcing of ecosystems
• Molecules to microbes
• Fisheries
• Marine noise
• Deep biosphere  
• Chemosynthetic ecology
Physical Oceanography
• Ocean warming 
• Deep‐ocean circulation 
• Benthic and water column interactions  
• Marine forecasting   
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EMSO nodes (standalone)
Iberian Margin – NEAREST EC Project
First mission (2007‐2008) 
(NEAREST EC project)
June 2011
recovery
Geo‐Hazard
Tsunami Early Warning system prototype 
Seismometer, bottom pressure data;
Marine ecosystem & climate change: CTD, 
hydrophone, gravity meter, current meter, ADCP, 
turbidity meter, seismic, sea bottom pressure
November 2009 
deployment
Second mission (2009‐2011)
NEAREST ‐ ESONET LIDO DM 
GEOSTAR recovered in June 2011
Iberian margin
EMSO nodes: present status
Pilot experiment (NEAREST project) 
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Gulf of Cadiz (Atlantic Ocean), source area of 1755 Tsunami 
which destroyed Lisbon and the coasts of South Portugal, Spain 
and Morocco
The abyssal observatory 
GEOSTAR, with the 
tsunamometer on board  
operated in an active seismic 
zone (3200 m)
Two missions
Aug 2007 – Aug 2008
Nov 2009 - Jun 2011
Possible cooperation with NEAMTWS
Experimental data acquisition
Pilot experiment
? Quick response 
time: few minutes 
for the generated 
tsunami to reach the 
coast.
? Tsunami warning: 
real time pressure & 
seismic data analysis 
performed on the 
seafloor
? Automatic 
transmission of 
data through 
acoustic link and 
moored relay buoy
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NEMO‐SN1 concept
Payload: 
seismological, geomagnetic, gravimetric,
oceanographic, hydro-acoustic, bio-acoustic
Rationale for the mission: 
i) characterise ambient noise (marine mammal
sounds, environmental/anthropogenic sources);
ii) study earthquake and tsunami generation in
Western Ionian Sea
Detection algorithm runs in the Shore 
Station
Western Ionian Sea
NEMO‐SN1 New equipment’s 
Sensor Rate Model
3‐C broad‐band seismometer * 100 Hz Guralp CMG‐1T (0.0027‐50 Hz)
Differential Pressure Gauge (DPG) 100 Hz Prototype Univ. California‐St. Diego
Hydrophone (Geophysics) 100 Hz OAS E‐2PD
Hydrophone (Geophysics) 2000 Hz SMID (0.05‐1000 Hz)
4+4 Hydrophones (Bio‐acoustics) 96 /192 kHz** SMID (100‐70000 Hz)
Absolute Pressure Gauge (APG) * 15 s Paroscientific 8CB4000‐I 
3‐C Accelerometer + 3‐C Gyro  (IMU) * 100 Hz Gladiator Technologies Landmark 10 
Gravity meter 1 Hz Prototype IFSI‐INAF
Scalar magnetometer 1s/min Marine Magnetics Sentinel (3000 m)
Vectorial magnetometer 1 Hz Prototype INGV
ADCP 1 profile/h RDI Workhorse Monitor (600 kHz)
CTD 1 s/h SeaBird SBE‐37SM‐24835
3‐C single point current meter 2 Hz Nobska MAVS‐3 
** 96 kHz at TSN, 192 kHz at TSS ‐ Marine Environment
* tsunami early warning system ‐ Geo‐Hazard
Favali et al., 2011; 2013; Chierici et al., 2012
Western Ionian Sea
NEMO‐SN1 Upgrade
Bioacoustic bentosphere
CTD
Gravity meter
Scalar &Vectorial 
magnetometers module
3-C current meter
Broad-band seismometer 
SMID hydrophone
APG
Cable interface
ADCP
OAS hydrophone
Western Ionian Sea
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The tsunami detector 
An original Real-time Detection Algorithm has been 
developed to detect tsunami parents signals (few mm 
amplitude) in the whole tsunami frequency band
Characteristics: 
• low computational cost 
• site adaptability
• accuracy
Tsunami Detection procedure
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The Tsunami Detection procedure is based on the double check 
of seismic and pressure signals ? generating trigger
• Seismometer: trigger on strong seismic event (STA/LTA 
algorithm) 
• Pressure: for the detection of sea level anomalies 
(Tsunamis wave)
The trigger detection switches the acquisition system from 
“Mission” to “Event” mode, increasing sampling rate of the 
sensors and sending messages
Tsunami Detection Algorithm (TDA)
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Pressure Raw data Processed data
200 cm
2 cm
Tsunami
100 hours
2 hours
Pressure data every 15 s are real-time processed:
• Tide removal
• Spike removal, if needed
• Low pass + Prediction algorithm (first 7 days, Newton linear 
prediction)  
• or Band Pass like filter (after 7 days, at least 8 tide coefficients 
recovered)
All parameters can be re-configured in real time
TDA Algorithm
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~10 cm
4 cm
Accelerom. Pressure sensor
Correction for 
pressure sensor 
motion
1.(A & B) Tides Removal 3.A  Band Pass like
3.B Low Pass like Filtering2.(A & B) Spikes Removing
(zoom)
4.B Difference between Newton Linear 
Predicted and Filtered Signal
(A & B)
TSUNAMI 
DETECTED !
Noisy data
Filtering
Algorithm B
Algorithm A
NEMO‐SN1 & GEOSTAR
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• Two seafloor observatories were equipped 
with the tsunami detector
? GEOSTAR (acoustic-linked)
? SN-1 (cabled)
• Common features
? Multidisciplinary
? Single, open frame, reconfigurable according 
to different mission requirements
? 4000 m design depth
? Dedicated intervention system
A pressure event detected by 
the Tsunami Detection 
Algorithm (from 1°mission) 
Data from 2°mission
Acoustic link
Land station 
(INGV‐
Roma)Communication 
Buoy
Satellite 
link
Internet
E‐mails 
messages 
delivered to 
recipients
GEOSTAR  on  the  sea 
floor at 3200 m w.d.
Early Tsunami Warning System 
Chierici et al., 2009; 2012
Tsunami detection 
system (geo‐hazard)
Climate Changes, 
Marine Ecosystem
EMSO data examples
Iberian margin
Triaxial
broad band 
seismometer
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Acceleromet
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Pressure 
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Catania harbour
control station running 
the new detection 
algorithm which 
performs real time 
signals processing, 
event mode 
declaration and 
messages 
transmission
On land seismic 
network
Electro Optical Cable
NEMO‐SN1 & GEOSTAR Tsunameters 
Chierici et al., 2012; Favali et al., 2013
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